Abstract: The present study assesses the effect of climatic and non-climatic factors on sustainable food security in India. It estimates food security index using composite Z-index technique with panel data of 13 states of India. It reveals that all components of food security have positive and significant association to each other. There exists high food inequality across Indian states. Poverty is the most detrimental factor to sustain food security; it is significantly associated with food insecurity. Therefore, Indian policy makers are desired to implement effective development scheme for poverty eradication. Estimates also imply that per capita food-grain availability negatively impacted due to changing climatic factors and diversity in socio-economic variables. Hence, there is essential to increase food production through cropping intensity, appropriate irrigation facilities, application of modern technology and high yielding verities of seeds in cultivation; infrastructural development and more public spending in agricultural R&D to achieve sustainable food security in India.
Introduction
To achieve sustainable food security is a serious challenge for developing economies in 21st century (Misra, 2014; Mârza et al., 2015; Shukla et al., 2015; Fuss et al., 2015) . It is expected that world would be required more food-grain production of 60% to feed global population by 2050 (Mârza et al., 2015) . Thus, it has been become a great concern at global level (Leunufna and Evans, 2014) . Sustainable food security is a situation in which agriculture is efficient to produce adequate food-grain and raw material to meets nutrition for all inhabitants (Bazga, 2015) . It produces fodder for animals in case of natural calamities (i.e., crises, war and riots) (Bazga, 2015) . Most economies have achieved better technological advancement; despite that many of them are in food insecure trap (Mârza et al., 2015) . There are severe disparities among different sections of society in developing countries (Kumar et al., 2016) . The economic growth of many emerging countries including India have seen poverty and inter-regional inequalities in development Lal, 2013; Nabb et al., 2013; Odowu, 2013; Menezes, 2015; Kumar et al., 2016) .
In India, over and above economic policies and climate change adversely affects food security of poor people due to their inadequate adaptation and coping capabilities Kumar et al., 2016) . India is distinguished as one of the second largest agrarian economy at world level (Ahmad et al., 2011) . Climate change and overexploitation of natural resource brought several threats for food security, poverty eradication policies, farmer's income, employment opportunities, health situation and development policies (Kumar and Sharma, 2013; Birthal et al., 2014; Kumar et al., 2016) . It has also increased extensive pressure on scare natural resource and risks for humanity (Kumar and Sharma, 2013; Birthal et al., 2014; Mondal et al., 2015; Kumar et al., 2015b Kumar et al., , 2016 . As food security depends on sustainable agricultural production system (Kumar et al., 2015b) . It indirectly depends on other relative factors on which the farming activities (i.e., water, land, seed, fertiliser and weather condition) are constructed (Lal, 2013; Misra, 2014; Mârza et al., 2015; Kumar et al., 2015b Kumar et al., , 2015c .
In this backdrop, the present study attempts to answer on following research questions:
1 What is condition of food security across Indian states?
2 How food security is associated with climatic and socio-economic variables?
3 Which climatic factor is significantly associated with food security?
4 What is the main cause for food insecurity?
5 How food security is linked with its components?
Pertinent to these research questions, the study is achieved two objectives: First, it created state-wise food security index (FSI) with its components using composite Z-index technique, and examined the association of food security with its elements. Second, it assessed the effect of climatic and socio-economic variables on per capita food-grain availability (PCFGA) (as proxy for food security) using state-wise panel data.
Components of food security
A country is food secure when its agricultural sector is capable to produce large quantity of raw materials and food-grains than its domestic needs (Bazga, 2015; Menezes, 2015) . "Food is something that gives us energy to function and keeps us alive" (Kumar et al., 2015b) . Whereas, food security is a situation when "all people in society or community, at all times, have physical, social and economic access to sufficient, safe and nutritious food that meets their dietary needs, and food preferences for an active and healthy life" (FAO, 2009) . It exists when there is timely accessibility of food to meets basic nourishment of body (Menezes, 2015) . It is determined by food availability, accessibility, stability and utilisation (ADB, 2012; Bazga, 2015; Menezes, 2015; Kumar et al., 2015b) . Food availability defines by agricultural production, distribution and exchange of food across region/state/nation (FAO, 2009; Mârza et al., 2015; Menezes, 2015) . Food accessibility reflects affordability, allocation and preference of population to acquire food as per their necessity (FAO, 2009; Menezes, 2015) . Equilibrium in food-grain demand and supply in domestic market refers as food stability (FAO, 2009) . Food utilisation provides actual nutritional contents, social values and safety for peoples (FAO, 2009 ).
Agricultural and food security
Food security directly depends on agricultural production (Gregory et al., 2012; Kumar et al., 2015b) , and agriculture is a sole components of food security (Kumar et al., 2015b; Menezes, 2015) . It at least can feed the population in favourable and adverse economic situation (Gahukar, 2011; Yu and You, 2013; Kumar et al., 2015b) . Thus, sustainable agricultural development policies play a significant role to provide reliable access, adequate and nutritional food to all peoples (Mârza et al., 2015; Bazga, 2015; Shukla et al., 2015) . It is a prime source to reduce chronic poverty in developing economies (Kumar and Sharma, 2013; Mârza et al., 2015; Kumar et al., 2015b) . As food insecurity is a cause for poverty, and poverty increases food insecurity (ADB, 2012; Kumar and Sharma, 2013; Kumar et al., 2015b; Mârza et al., 2015; Menezes, 2015) . Hence, targeted poverty eradication policies may be beneficial to accomplish sustainable food security in developing economies (ADB, 2012; Kumar and Sharma, 2013) .
Furthermore, agriculture is largest employer which provides livelihoods for 40% of today's global population (http://www.un.org/en/sustainablefuture/food.asp). Thus, it is main source of income and jobs for poor people, and 500 million small farmers produce around 80% of world's food production to feed large portion of population (http://www.un.org/en/sustainablefuture/food.asp). Appropriate use of agricultural biodiversity contributes more nutritious diets and enhances livelihoods security of farming community (Misra, 2014) . It provides a foundation of national prosperity and human welfare in larger agrarian economies (ADB, 2012; Kumar and Sharma, 2013; Kumar et al., 2015b) . Additionally, agricultural production is a valuable product of ecosystem service of land and water (Misra, 2014; Kumar et al., 2015a Kumar et al., , 2015b . In contrary, arable land and copped area under cereal crops has declined due to overwhelming urbanisation and industrialisation at global level (Mall et al., 2006; Pandey, 2009; Lal, 2013; Kumar et al., 2015a) . Subsequently, availability of groundwater has diminished due to overexploitation of water (WOT, 2013; Misra, 2014; Kumar et al., 2015a) .
Likewise, there are numerous factors which are significantly associated with agricultural production: 1 physical factor (e.g., climatic condition, soil and topography) (Karanikola et al., 2014) 2 socio-economic characteristic (e.g., market, transport infrastructure, capital, education level of cultivator and agricultural worker, and government policies) 3 technological change (e.g., adoption of technological advancement and innovation in cultivation) (Lal, 2013; Seaman et al., 2014; Karanikola et al., 2014; Kumar et al., 2015a Kumar et al., , 2015b Mârza et al., 2015; Bazga, 2015) .
Soil quality and fertility, arable land, irrigation facilities, and climate change are also strategic determinants of agricultural production Misra, 2014; Kumar et al., , 2015c Kumar et al., , 2016 Fuss et al., 2015) . As stated that food security is directly impacted as instability in agricultural productivity (Gregory et al., 2012; Kumar et al., 2015b; Menezes, 2015) . However, food security is a multidimensional, multiprocessing and complex component (Bazga, 2015; Kumar et al., 2015b) . Moreover, in era of globalisation, it may not be defined by agricultural production only (Leunufna and Evans, 2014; Fuss et al., 2015) . Food security also varies across individual/household/region/country (Omotesho et al., 2006) . Therefore, it influences by various landscapes and socio-economic characteristics of society like age, sex, occupation, unemployment rate, vegetarian and non-vegetarian diet, per capita income, income inequalities, prices of food-grain and oil, credit facilities, cost of cultivation, population growth, government expenditure on agriculture and rural development, public spending on agricultural R&D, protection of intellectual property rights, trade policies, management of natural resources, environmental protection policies, geographical location (Kumar and Sharma, 2013, 2014; Lal, 2013; Misra, 2014; Karanikola et al., 2014; Leunufna and Evans, 2014; Kumar et al., , 2015a Kumar et al., , 2015b Kumar et al., , 2015c Kumar et al., , 2016 Brown and Kshirsagar, 2015; Mârza et al., 2015; Bazga, 2015; Menezes, 2015; McKune et al., 2015) .
Food security and Indian agricultural
India has 2.1% arable land, 17% livestock production, 4.2% water resource and 17.6% of global population (Kumar et al., 2015a) . It is bound to feed seconds largest populated country (Ahmad et al., 2011; Kumar and Sharma, 2013 ). India's aims to achieved self-sufficiency in food production since 1970. Its food production ensures the food security for everyone (Karhad, 2014) . Despite that it is home for largest number of food insecure people that counts 325 million malnourished person with approximate 48.0% malnourished children under age 5 (NFHS, 2006) .
1 Nearly 320 million Indian go to bed without food every night (Ahmad et al., 2011) . More than one third population is estimated to be absolutely poor and many more suffering from chronic diseases (Kumar and Sharma, 2013; Kumar et al., 2015b) . Income and food poverty, distributional difficulties, income inequality, food-price inflation, regional disparities, and inefficient government mechanism are the main reasons for food insecurity in India (Kumar and Sharma, 2013; Menezes, 2015; Kumar et al., 2015b; Shukla et al., 2015) .
Moreover, India has high variation in weather and geographical parameters across states (Kumar and Sharma, 2013; Birthal et al., 2014; Mondal et al., 2015; Kumar et al., 2016) . It has total 12.6% of flood prone area of gross arable area, 50% of cropped area is damaged due to natural disaster each year (Kumar et al., 2015a) . Its agricultural production (in monetary term) is continuously decline since 1953 (Kumar et al., 2015a) . About 2/3rd cropped area comes under rain-fed or high dependency on uncertainty of monsoon (Mall et al., 2006; Mondal et al., 2015) . Around 52% of Indian population depends upon climate-sensitive sectors like agriculture, forestry and fishery for their daily livelihood (Das et al., 2009; Kumar and Sharma, 2013; Birthal et al., 2014; Kumar et al., 2016) . Nearly 72% to 78% of Indian farmers are marginal and smallholder that have less than 2 hectare land in average, produce 40% total food-grain of India (Birthal et al., 2014; Mondal et al., 2015) .
In India, per capita arable land has declined from 0.48 hectare in 1950 to 0.15 hectare in 2000, further it is likely to be declined by 0.08 hectare by 2020 due to excessive urbanisation and industrialisation (Mall et al., 2006; Kumar et al., 2015a) . Also, agriculture growth is dropped from 3.25% during 1981 -1985 to 1.5% during 1996 -2003 (Gahukar, 2011 . Consequently, PCFGA (particularly cereals and pulses) has declined in given years (Das et al., 2009) . Furthermore, net shown area has increased from 119 (in 1950-1951) to 140 million hectare (in 1970-1971) , and it is still about 141 million hectare (in 2012-2013) (CMIE, 2015) . India has 1.21 billion populations (Census, GoI, 2011) which is projected to be 1.53 billion by 2030 (WOT, 2013) . It would increase widespread food demand by 2030 (Ahmad et al., 2011) . Consequently, it would be increased competition in scarce natural and physical resource (i.e., land, water, capital and human) (Ahmad et al., 2011; Seaman et al., 2014) . India has becomes the largest ground water-based food-growing country at world level (WOT, 2013; Misra, 2014) . Further, extensive burden to enhance agricultural productivity on stable arable land would be required additional groundwater for irrigation which has been diminished (WOT, 2013) . Hence, there would be critical challenges to produce 70% of more foodgrains for sustainable food security in India (Kumar et al., 2016) .
Material and methods
This study is comprised a time series of 32 years . It is included 13 agricultural intensive states of India, which are divided in four zones: Crop-wise production and area, gross irrigated area, net sown area, tractor, consumption of fertiliser, railway and road length are taken from Centre Monitoring Indian Economy. Credit deposit ratio, food-grain production and area under food-grain crops are collected from RBI (GoI). Agricultural labour and cultivator, rural and urban population are taken from census (GoI). Literate population, poverty and Gini-coefficient are taken from Planning Commission (GoI).
Minimum and maximum temperatures are derived from Indian Meteorological Department (GoI) database. This data is available on daily intervals with latitude and longitude information of monitoring stations. Therefore, city-wise data on temperature, the stations pertaining to specific latitude and longitude information are recognised. As per this information, geographical regions are identified. Thereafter, groups of such stations with different geographical area are linked to arrive at state-wise data points. Monthly district-wise rainfall information is taken from Hydromet Division, Indian Meteorological Department (GoI). Aforementioned data is collected from 354 meteorological stations in given states. To process basic information on climatic factors, C ++ software is used. The SPSS software is used to extract and bring data in excel format. Latitude and longitude location of each district is derived from the official website of Central Research Institute for Dryland Agriculture, Hyderabad (India). The mean values of latitude and longitude of all districts of a state is included in econometric models. Interpolation and extrapolation methods are used to fill the missing values (Mondal et al., 2015; Kumar et al., 2015a Kumar et al., , 2015b . The proposed regression models are run using Minitab, SPSS and STATA statistical software.
Assessments of state-wise FSI
Simple descriptive method, principle component analysis and composite Z-index technique which can be used to create FSI (Booysen, 2002; Demeke et al., 2011; Kumar and Sharma, 2013; Ye et al., 2013) . Rukhsana (2011 , Hashmi and Shakeel (2012) and Sajjad et al. (2014) , which also applied aforesaid techniques to generate FSI in India. Recently, Kumar et al. (2015b) used descriptive techniques to produce global FSI for cross economies. In descriptive method, weight for each arbitrary variable is assigned by researcher's understanding. It also produces positive and negative values in magnitude for estimated FSI. Therefore, interpretation of statistical inference appears complex and irrational. Thus, the study used composite Z-index technique to estimate state-wise FSI and other indices. It has a greater reliability and produce better results than descriptive technique. It comprises weight for each variable that is assigned by statistical technique. Hence, it is more reliable and scientific (Chinnadurai et al., 2012) that reduce controversy of descriptive technique.
Food security contains food availability, food accessibility, food stability and food utilisation. However, due to unavailability of food utilisation-related information, the study could not include it. Thus, FSI is measured as composite indices, food availability index (FAVI), food accessibility index (FACI) and food stability index (FSTI) (Kumar and Sharma, 2013; Kumar et al., 2015b) . Here, FSI is defined as a positive number that covers as many possible variables of food security (Kumar et al., 2015b) . Although, there is no specific or scientific definition on FSI in existing literature. The present study assumes that FSI is a function of FAVI, FACI and FSTI, and specified as:
Here, FSI is food security index; FAVI, FACI and FSTI are food availability index, food accessibility index and food stability index, respectively. These components are separated as:
Here, X i , Y i , and Z i are associated variables of FAVI, FACI, and FSTI, respectively; s is the state and t is time period. The rationality of all variables are given in Section 2.2. FAVI, FACI and FSTI would be linear sum of all standardisation values that is multiplied by assigned weight of corresponding variables that are given as: 
Here, W i is the weight that is assigned to each variable; x i , y i and z i are the standardisation-index for corresponding variables:
• Determination of standardisation-index: If expected value of a factor is positively related with food security, standardisation-index is obtained as (Kumar et al., 2015b) :
Here, CZI is is composite Z-score/standardisation-index for i th variable; s is cross-sectional state. Min(X is ) and Max(X is ) are lowest and highest values respectively in each series of a parameter across states. The magnitude of standardisation-index lies between 0-1 for each variable (Booysen, 2002; Kumar and Sharma, 2013; Chinnadurai et al., 2012; Kumar et al., 2015b) . If predictable value of a variable is negatively associated (e.g., poverty, urbanisation and income inequality) with food security (Scanlan, 2001; Nabb et al., 2013; Odowu, 2013; Karmakar, 2014; Kumar et al., 2015b; Menezes, 2015) , standardisation-index is calculated as:
• Determination of weight: Weight for each variable are estimated as:
Here, W i is weight (0 <W> 1 and 
The study is included total 21 variables to estimates FAVI, FACI and FSTI for 13 states during 1980-2011. Hence, aforementioned process is recursively used for each variable with every year. Finally, state-wise FSI is calculated as:
Rationality of variables

Food availability index
The following variables are comprised for FAVI: [1993] [1994] . Thereafter, it is divided by aggregate area of these crops (Kumar et al., 2016) .
Food accessibility index
The following variables are included for FACI:
1 Literate population (rural + urban) per hectare land (in number): Literate persons have high tendency to get suitable job and better understanding for government's support programs for poor than illiterate (Sultana and Kiani, 2011; Ifeoma and Agwu, 2014; Suharyanto et al., 2014; Kumar et al, , 2016 .
2 and 3 Railway and road route length for 1,000 populations (in Km): As appropriate transport facilities increase good communication of population across region. Thereby, food-related materials can be easily transported from one area to another (Scanlan, 2001; Kumar et al., 2016) . Hence, transport facilities play a vital role to increase food security (Kumar and Sharma, 2013; Mallikarjuna, 2013) . [1993] [1994] : Per capita income increases economic capacity of population to acquire food as per their need (Kumar and Sharma, 2013; Kumar et al., 2015b) . Thus, it is positively linked with food security. The study is used per capita state domestic product instead of per capita income.
Per capita state domestic product (in rupees at constant level with base year
5 Poor people on per hectare cultivable land (in number): Poverty (number of person spending less than recommended consumption expenditure necessary for basic livelihood as defined by Planning Commission, GoI) is a cause for food insecurity (ADB, 2012). Accessibility power of people decreases due to poverty (Rukhsana, 2011; Kumar et al., 2015b; Mârza et al., 2015) .
6 Urbanisation (in %): Urbanisation is positively correlated with food security (Kumar and Sharma, 2013) . However, process of urbanisation has negative impact on food security (Scanlan, 2001; Nabb et al., 2013; Odowu, 2013; Kumar et al., 2015b) .
Ratio of urban population with rural population is undertaken to capture the effect on urbanisation on sustainable food security.
7 Credit deposits ratio (in %): It is a financial parameter that significantly associated with sustainable food security. Appropriate credit availability sustains money flow in market and helpful to create more physical assets. It creates innovative employment opportunities for people. Thus, it increase accessibility power and food security of people.
Food stability index
FSTI is estimated using following variables:
1 Food-grain yield (in kg/Ha): Food-grain yield is production per hectare land. Therefore, it is crucial factor for sustainable food security (Rukhsana, 2011; Shakeel et al., 2012; Yu and You, 2013; Kumar and Sharma, 2013; Kumar et al., 2015b) .
6 Bank credit disbursed per hectare cultivable land (in rupees at constant level with base year [1993] [1994] : Credit availability for farmer has a positive and significant influence on agricultural productivity (Das et al., 2009) . It increases farmer's economic ability to apply advance technologies in farm activities. Accordingly, credit facilities are positively associated with sustainable food security.
7 Income inequality (in %): Income inequality has a negative implication on food security (Karmakar, 2014; Kumar et al., 2015b; Menezes, 2015) . Gini-coefficients values are used to capture the influence of income inequality on sustainable food security.
Empirical analysis
In this study, FSI is used as a composite index of several agricultural production-related factors, socio-economic variables and policy factors. Therefore, the present study could not identify the influence of stated factors on constructed FSI through an empirical modelling. Hence, PCFGA is used as proxy for food security in this study. Thereafter, it is assessed the influence of climatic factors and socio-economic variables on PCFGA using robust empirical models (Menezes, 2015) . This empirical exercise is facilitated several policy suggestions to achieve sustainable food security in India. Linear, nonlinear and log-linear regression models are applied to check the consistency of regression coefficients of explanatory variables. Akaike information criterion (AIC) and Schwarz information criteria (SIC)/Bayesian information criterion (BIC)/Schwarz-Bayesian information criteria (SBIC) statistical techniques are applied to select a reliable and robust model (Baltagi, 2005; Brown and Kshirsagar, 2015) .
Formulation of econometric model
Measurement of food security is complex and controversial (Bazga, 2015) . Food security at national level refers to availability of sufficient stocks of food to meet demand, either through domestic supply or imports (Menezes, 2015) . Hence, the quantity of food production could be a best indicator of food security (Rukhsana, 2011; Shakeel et al., 2012; Menezes, 2015) . Therefore, this study undertook analysis of food security through this technique. While PCFGA is undertaken as proxy for food security. Further, it accepts that PCFGA is a function of climatic, geographical and socio-economic factors. In empirically, it used as:
Here, pcfga is PCFGA for cross-sectional state of s, t is time period ; NCF and CF are vector of non-climatic and climatic variables respectively. GF is a vector of geographical location of a state. α 0 is constant coefficient; β i , γ i and δ i are vector of estimated regression coefficients of corresponding variables; and (u) st is error term in equation (13). Explanations of all variables are given in Table 1 . Notes: maxtCV and minitCV are the annual variation in maximum and minimum temperatures, respectively. The CV is measured as the standard deviation of the monthly maximum and minimum temperatures expressed as percentage of the annual average of both temperatures (Kumar et al., 2015a) ; and rfCV is annual variation in annual rainfall which is calculated similar to temperature. Rainy season: July-October; winter season: November-March; and summer season: April-July.
Procedure to select an appropriate model
Several procedures are applied to decide an appropriate model. Im-Pesaran-Shin unit-root test is used to check whether individual time series is stationary or not (Kumar et al., 2015a (Kumar et al., , 2016 . Most of time series are stationary, however, first and second differences of series are taken wherever it exhibited unit root (Kumar et al., 2015a (Kumar et al., , 2016 ) (see Tables B1 to B4 in Appendix B). Few variables are dropped from the regression models due to prevalence of high multicollinearity. Only such combinations of variables are undertaken which have a mean of variance of inflation factor value less than 10 and high significance level. Breusch-Pagan Lagrange multiplier test is applied to identify the consistency of random effect model. Here, null hypothesis is that variance across states is zero; there is no significant difference and panel effect across state. We are unable to reject the null hypothesis and conclude that random effect model would be applied. Hausman test is helped us to identify the quandary of fixed and random effect model. Here, null hypothesis is that preferred model is random effect, and unique error terms are un-correlated with predictor. Hausman Chi 2 values are statistically insignificant, thus null hypothesis cannot be rejected. It implies that unique error terms are not correlated with predictor and fixed effect model can be preferred.
Pesaran's test ascertains the existence of cross-sectional dependence. Null hypothesis under this test is that residual across states are un-correlated with outcome. Here, null hypothesis cannot be rejected and implies that data does not have a cross-sectional dependency. Wooldridge test is an application that recognises the existence of autocorrelation. It assumes that response factor is correlated with across year. PCFGA is significantly associated with across year, consequently null hypothesis is rejected. It infers the existence of serial-correlation and first order auto-correlation. Modified Wald test is useful to identify the presence of heteroskedasticity. It accepts that there is homoskedasticity (constant variance) for null hypothesis. For this null hypothesis is rejected, that reveals the incidence of heteroskedasticity. Finally, Prais-Winsten models with panels corrected standard errors (PCSEs) estimations is applied to reduce the influence of heteroskedasticity, serial-correlation and auto-correlation (Baltagi, 2005; Kumar and Sharma, 2013; Kumar et al., 2015a Kumar et al., , 2015b Kumar et al., , 2015c Kumar et al., , 2016 . Figure 1 shows the trend in estimated state-wise FSI with across zones. Estimated values of FSI for each state is also given in Table A1 (Appendix A). It demonstrates that Punjab and Haryana are being most food secure states of India.
Descriptive results for state-wise FSI
Here, it cannot be avoided the importance of variables which are undertaken to create FSI. Food-grain production and yield, irrigated area, cropping intensity, food consumption expenditure, calories availability, literacy rate, infrastructural development, and credit facilities are positively associated with FSI Kumar et al., , 2015b . Tamil Nadu, West Bengal and Andhra Pradesh construct healthy environment for sustainable food security, attained 3rd, 4th and 5th position, respectively in 2011. Poverty is being the most detrimental factor to achieve food security in Bihar, UP and MP. Poverty and food insecurity have causal relationship and vice-versa (ADB, 2012; Kumar and Sharma, 2013; Kumar et al., 2015b; Mârza et al., 2015) . Despite, a large producer of food-grain crops, UP has 8th position in 2011. High incidence of poverty, huge dependency of population on agriculture, low food-grain yield, low per capita income and literacy rate, high unemployment rate, and political instability are significantly inter-linked with food insecurity in Uttar Pradesh. Madhya Pradesh is the most food insecure state with lowest value of FSI. Bihar is the third food insecure state which is continuously being food insecure. West Bengal has improved their food security as its rank increased 8th position in 1985 to 4th position in 2011. Andhra Pradesh has gained good position in food security, which is located at 5th position in 2011. Tamil Nadu is also positioned at better position after 1990, and achieved 3rd position in 2011. Rajasthan, Odisha, Karnataka and Gujarat are still in food insecurity. Hence, estimates are emphasised that Uttar Pradesh, Madhya Pradesh, Gujarat, Odisha, Karnataka, Bihar and Maharashtra are required to improve their food security level. Further, it can be concluded that there exists a high food inequalities across Indian states.
Validation of estimated state-wise FSI
Any constructed index essentials to be validated in order to make unanimity among researchers and stakeholders. It can be preferred as 'good' if it is significantly correlated with its associated indices. Karl-Pearson's correlation coefficients for FSI with its components are estimated as internal validator. Correlation coefficients reveal that FSI is positively associated with FAVI, FSTI and FACI (see Table 2 ) (Kumar and Sharma, 2013 ). Accordingly, it shows that estimated FSI is rational and reliable. It also promotes that food security depends on food availability, stability and accessibility. Thus, it has a significant association with its components Rukhsana, 2012; Hashmi and Shakeel, 2012; Kumar and Sharma, 2013; Kumar et al., 2015b) . Food availability is positively associated with food stability and accessibility. It infers that food stability and accessibility improves as food production increases . As farmers are moving to grow cash crops for getting quickly more financial benefit (Rukhsana, 2011) . Therefore, food accessibility is negatively associated with food stability (Rukhsana, 2011; Kumar and Sharma, 2013) . Further, food-grain area and production has declined due to industrialisation, urbanisation, and commercialisation and adoption of technological advancement in agriculture (Mall et al., 2006; Rukhsana, 2011; Kumar et al., 2015a) . For instance, rice production has declined, simultaneously cropped area under sugarcane and tobacco crops has increased due to commercialisation in Bihar (Sajjad et al., 2014) .
6 Discussion on empirical findings Table 3 presents the empirical results which examine the influence of climatic and non-climatic factors on PCFGA using linear, nonlinear and log-linear regression model. Log-linear regression model has a lowest value of AIC and BIC, thus, produces better results. Rainfall during rainy and winter seasons has a positive and statistically significant impact on PCFGA. It implies that rainfall during these seasons would be useful to improve food-grain production (Kumar et al., , 2015c . Though, variation in annual rainfall is negatively associated with PCFGA. Estimate is similar with earlier studies like Mall et al. (2006) , Kumar et al. ( , 2015a Kumar et al. ( , 2015b Kumar et al. ( , 2015c Kumar et al. ( , 2016 and , which shows that changing rainfall pattern or excessive rainfall during crop-season have a negative influence on yield.
Mean maximum temperature during winter season is seen negative influence on PCFGA. Mall et al. (2006) , Ahmad et al. (2011) , and also observed that food-grain productivity is likely to be decreased as maximum temperature increases. Maximum temperature during rainy and summer season, and annual variation in maximum temperature have a positive impact on PCFGA. Minimum temperature also presented a significant effect on PCFGA. However, annual variation in minimum temperature is observed a negative influence on PCFGA. Hence, the estimates confirmed that climatic factors during winter, rainy and summer seasons have a significant and negative influence on PCFGA. Here, it can be concluded that food security negatively influenced due to increase in maximum and minimum temperature, and uncertainty in rainfall pattern in India. Regression coefficient of longitude is negatively associated with PCFGA, therefore, geographical location also has a significant influence on it.
For non-climatic factors, results indicate that food-grain and irrigated area are positively associated with PCFGA. It infers that food-grain and irrigated area are significant factors to improve PCFGA. Irrigated area has higher tendency to produce more food-grain production than non-irrigated area (Kumar et al., , 2015a (Kumar et al., , 2015b (Kumar et al., , 2016 Birthal et al., 2014; Mondal et al., 2015) . It would be beneficial to apply advance technology, modern variety of seed and various planting technique in cultivation Hashmi and Shakeel, 2012; Kumar and Sharma, 2013, 2014; Yu and You, 2013; Kumar et al., , 2015b Kumar et al., , 2016 Mondal et al., 2015) . Applications of agricultural labour and tractor per hectare land have a negative and statistically significant influence on PCFGA. While, consumption of fertiliser per hectare land is appeared positive influence on PCFGA. However, it has been observed that soil quality and fertility decrease due to unlimited supply of fertiliser in cultivation (Pandey, 2009; Lal, 2013; Kumar et al., 2015a Kumar et al., , 2051b Kumar et al., , 2015c Kumar et al., , 2016 . Hence, it is suggested that reasonable application of fertiliser in cultivation could be beneficial (Kumar et al., 2015a (Kumar et al., , 2015b (Kumar et al., , 2015c (Kumar et al., , 2016 .
PCFGA negatively influenced with poor people to per hectare land. It can be explained that poor farmers are unable to apply modern technologies and essential method in cultivation (Rukhsana, 2011; Kumar and Sharma, 2013; Shukla et al., 2015) . Literate farmer have better understanding to use appropriate technique to adapt the adverse effect of climate change in farming (Kumar and Sharma, 2013; Kumar et al., 2016) . Thus, literacy rate shows a positive impact on PCFGA. Road and railway route length per thousand populations have a positive and significant influence on PCFGA. It shows that better transport amenities would be crucial to increase good communication of rural farmers with cities. So, farmer would have a better markets accessibility on time, and technology and diversified livelihood generation capabilities (Kumar et al., 2016) . Therefore, appropriate transport services would be useful to increase agricultural productivity (Mallikarjuna, 2013; Kumar and Sharma, 2013; Mârza et al., 2015) . Notes: *, **, and *** indicate the parameter is statistically significant at the 1%, 5% and 10% significance level, respectively. Source: Author's estimation Bank credit disbursed per hectare cultivable land and urbanisation has a positive influence on PCFGA. Das et al. (2009) observed that bank credit disbursed is positively associated with agricultural productivity in India. It can be interpreted that adequate credit sustains the money flow in market, which creates more physical assets. It also generates new job opportunities and income source for people. Consequently, it has positive and significant influence on food security. Urbanisation has a positive and statistically insignificant impact on PCFGA. Estimate is controversial with earlier studies like Scanlan (2001) , Mall et al. (2006) , Shakeel et al. (2012 ), Lal (2013 , Nabb et al. (2013) , Odowu (2013) and Kumar et al. (2015b) , which found negative influence of urbanisation on food security in few developing economies. These studies are claimed that extensive urbanisation decrease food-grain area and production, therefore PCFGA has a tendency to be decreased.
Conclusions and policy guidelines
This study is assessed the influence of climatic and non-climatic factors on sustainable food security in India. It created state-wise FSI using a composite Z-index approach. Thereupon, it examines the influence of climatic and non-climatic factors on PCFGA. It emphasised that FSI is most powerful tool to assess the situation of food security of a region (Kumar et al., 2015b) . Food security depends upon food availability, stability and accessibility (Rukhsana, 2011; Kumar and Sharma, 2013; Kumar et al., 2015b) . It indicates that all components of food security are useful to maintain sustainable food security. FSI is positively associated with food-grain yield and area, irrigated area, farm income, cropping intensity, use of fertiliser, food consumption expenditure, calories availability, literacy rate, agricultural credit, per capita income, and credit deposit ratio (Kumar and Sharma, 2013, 2014; Seaman et al., 2014; Kumar et al., , 2015b Mondal et al., 2015; Fuss et al., 2015; McKune et al., 2015) . Poverty, income inequality, population growth and over-urbanisation are the most detrimental factors to manage sustainable food security (Kumar and Sharma, 2013; Lal, 2013; Karmakar, 2014; Menezes, 2015; Kumar et al., 2015b) . There exists a significant food inequalities across Indian states due to climate change and variation in socio-economic variables (Kumar and Sharma, 2013; Karmakar, 2014; Menezes, 2015) . As per our estimated state-wise FSI, several policy recommendations can be given for sustainable food security. Indian policy makers essential to increase food productivity through cropping intensity, more irrigation facilities and bio-fertiliser, application of modern technology, high yielding varieties of seed in cultivation (Kumar and Sharma, 2013, 2014; Lal, 2013; Kumar et al., , 2015a Kumar et al., , 2015b Kumar et al., , 2015c Kumar et al., , 2016 Shukla et al., 2015; Fuss et al., 2015) . Creation of more job opportunities in non-agriculture would be critical to improve accessibility power of peoples to acquire food (Kumar and Sharma, 2013; Kumar et al., 2015b) . Food security would be sustainable as increase government expenditure in agriculture and rural development, public spending in agricultural R&D, development of infrastructure and food-grain storage, and credit flow in market (Kumar and Sharma, 2013; Mârza et al., 2015; Bazga, 2015; Kumar et al., 2015b; Menezes, 2015; Fuss et al., 2015; McKune et al., 2015) .
Food insecurity and poverty has a causal relationship and vice-versa (ADB, 2012; Kumar and Sharma, 2013; Kumar et al., 2015b; Mârza et al., 2015) . Therefore, policy maker needs to implement effective development scheme for poverty eradication (Kumar and Sharma, 2013; Mârza et al., 2015; McKune et al., 2015) . High income inequalities increase black marketing outside the market, which also increases food prices (Karmakar, 2014; Kumar et al., 2015b; Menezes, 2015; Shukla et al., 2015) . The Government of India is required to adopt effective mechanism to reduce black marketing in order to control food price inflation Brown and Kshirsagar, 2015; Fuss et al., 2015) . Rapid urbanisation decreased arable land, subsequently total food production (Lal, 2013) . Thus, it brought serious threat for food security and acute hunger crisis in developing economies (Scanlan, 2001; Nabb et al., 2013; Odowu, 2013) . Extensive urbanisation is caused for environmental degradation, and pressure on ecosystem services of land and water (Lal, 2013; Nabb et al., 2013; Mallikarjuna, 2013) .
High population growth increases extra food-grain demand in market. While, agricultural sector is unable to complete extra food-grain demand in short-term (Lal, 2013; Kumar et al., 2015b) . It increases food prices and reduce economic capacity of population to acquire food, thus increases food insecurity (Kumar and Sharma, 2013; Seaman et al., 2014; Bazga, 2015 Kumar et al., 2015c . Furthermore, food price instability increases the difficulties for farmers to choose a feasible crop for cultivation (Brown and Kshirsagar, 2015; Bazga, 2015) . It also decreases farmer's consciousness toward farming occupation (Kumar et al., 2015c) . Therefore, conductive policies to control rapid urbanisation and population growth are desired to consider (Kumar and Sharma, 2013; Lal, 2013; Kumar et al., 2015b) . It would improve the socio-economic condition of people and sustainable food security (Ramsundar and Jaydeb, 2011) .
Average maximum and minimum temperature, and actual rainfall during different seasons (rainy, winter, summer) have a negative and significant impact on PCFGA. Our results also indicate that geographical location of a particular state has a significant influence on PCFGA.
Climatic and geographical factor have a nonlinear relationship with PCFGA. It is appeared that climate change is caused to increase food-grain yield variability (Brown and Kshirsagar, 2015; Kumar et al., 2015c; Fuss et al., 2015) , and food price volatility in market (Brown and Kshirsagar, 2015; Fuss et al., 2015) . It adversely affects government's national policies to maintain sustainable food security (Kumar et al., 2015c) . Here, it is ascertained that food security is negatively impacted due to fluctuation in maximum and minimum temperature, and uncertainty in rainfall pattern in India. Hence, Indian farmers are needed to initiate season-wise crop specific policies to diminish the adverse effects of climate change in farming.
Change in sowing time and cropping pattern or dual cropping system may be used as season-wise crop specific policy (Birthal et al., 2014) . Application of drought-tolerant crops could be reasonable option to adapt the harmful influences of climate change (Birthal et al., 2014) . Innovation of food-grain crop which are adaptable to human needs. It can increase the quality, performance and diversity of food (Misra, 2014) . It would improve adaptability of environmental pressures like soil salinity, high temperature and drought on crop growth (Misra, 2014) . Facility for short-term training to farmers on climate change would be useful to increase their consciousness to grow a suitable crop in cultivation . It can be beneficial for farmers to secure their farm income (Kumar et al., 2015a (Kumar et al., , 2016 , and help to prepare sustainable food security plan for long-term (Bazga, 2015) . Crop insurance policies recover the loss of farm production induced by climate change (Mârza et al., 2015) . Thus, adoption of crop insurance act is required to maintain financial strength of farmers.
Road and railway length, bank credit disbursed to agriculture, credit deposit ratio, food-grain yield and area, appropriate irrigation facilities, literacy rate, urbanisation and application of fertiliser has a positive association with PCFGA (Kumar and Sharma, 2013, 2014; Fuss et al., 2015) . PCFGA has a tendency to be decreased as increase in agriculture labour, tractor, urbanisation, population growth, and participation of poor people per hectare land. Therefore, Indian farmers are essentials to use modern technology rather than traditional technique to enhance food-grain yield (Kumar and Sharma, 2013, 2014; Kumar at al., , 2015a Kumar at al., , 2015b Kumar at al., , 2015c Leunufna and Evans, 2014; Mondal et al., 2015; Fuss et al., 2015; Shukla et al., 2015) . Application of organic farming would be conducive to maintain genetic and nutritional contents of soil (Lal, 2013; Leunufna and Evans, 2014) .
Agricultural is required large quantity of water, which would adversely affect water availability in future (Misra, 2014) . Therefore, it strongly suggested that water conservation, rainwater harvesting, watershed management scheme, and formation of artificial water recharge techniques needs to apply to complete irrigation requirement (Lal, 2013; Misra, 2014; Mondal et al., 2015; Shukla et al., 2015) . Conducive water management policies would be useful for sustainable agricultural production in future (Misra, 2014; Kumar et al., 2016) . For this optimum water utilisation techniques are required through recycling and reuse of wastewater for surface irrigation in agricultural, industrial processes and replenishing groundwater recharge (Misra, 2014) . Additionally, it also minimises the negative impact of climate change on crop growth and water resource (Misra, 2014) . Conducive irrigation infrastructure could be beneficial in vulnerable regions to cope with climate change-related risks (Misra, 2014; Fuss et al., 2015) .
In India, most of rural population are engaged in agricultural activities for their livelihood. Therefore, creation of more employment opportunities in non-agricultural sector (e.g., livestock rearing occupation and small scale industries) for rural dwellers could be significant to sustain food security. Infrastructural development, government expenditure in agriculture and rural development, public spending on agricultural R&D, well-organised market structure, efficient food distribution policy, money flow in market, credit facilities to farmers, proper storage facilities of food-grain products would be conducive planning for sustainable food security Brown and Kshirsagar, 2015; Mârza et al., 2015; Menezes, 2015; Shukla et al., 2015; Fuss et al., 2015) . Targeted public food distribution policies (Fuss et al., 2015) , drinking water, primary health amenities and basic education policies for rural inhabitants would be strategic environment for sustainable food security (Ramsundar and Jaydeb, 2011; Misra, 2014) in India.
Conclusive policy must be introduced to ensure the implementation of academic research output in agriculture at farm level (Shukla et al., 2015; Kumar et al., 2015a) . Furthermore, scientific research community essentials to develop alternative techniques to reduce greenhouse gas (Kumar et al., 2015b) and greenhouse sinks . To maintain the water, air and land quality using minimum fertiliser and insecticide in agriculture would preserve the property of natural resources (Ramsundar and Jaydeb, 2011; Pandey, 20019; Lal, 2013; Leunufna and Evans, 2014; Kumar et al., , 2015a Kumar et al., , 2015b Kumar et al., , 2015c Kumar et al., , 2016 Karanikola et al., 2014) . As forest area preserves environmental sustainability (Kumar and Sharma, 2013) and it is an ecosystem-based adaptation technique to moderate the adverse effect of climate change in farming (Kumar and Sharma, 2013) . Therefore, expansion in forestation might be crucial to sustain agricultural productivity and sustainable food security. their crucial time to review this paper, providing conclusive comments to improve the strength of the study. 
